Pulse sequences
The pulse sequences of the different correlation experiments performed in this work are depicted in Fig. A 2 H polarization. In this way, the number of pulses required on the 2 H channel could be minimized. Moreover, it turned out to be advantageous to apply the π-pulse trains on a longitudinal, rather than a transverse, spin state. As the π-pulses are only applied on the spin-1 / 2 nuclei X due to excitation bandwidth problems on 2 H, this means that the X spins preferably act as the "passive" spins in the recoupling process; i.e., they are chosen to occupy a transverse state. Finally, the use of 2 H polarization at the start of the experiments exploits the advantage of the short 2 H spin-lattice relaxation times which allow for short recycle delays between consecutive transients. For the 2 
The schemes b and c differ in the spin species occupying a transverse state during recoupling, which leads to different sensitivities on spin system's geometry. [1] . 
Spectra of cytosine monohydrate
Two samples of cytosine monohydrate (structure see Fig. B ) were studied in this work, a fully protonated and a deuterated sample. The latter was prepared by recrystallizing the protonated material once from D 2 O. Fig. C shows 1 H-15 N dipolar correlation spectra of these two samples, which were recorded using a standard TEDOR-type [2] pulse sequence for heteronuclear single-quantum correlation via recoupled dipolar interactions (also called "REPT-HSQC") [3, 4] . The MAS frequency was again 29762 Hz, and recoupling was performed for 10 rotor periods in each of the two recoupling blocks. 
The corresponding
2 H-15 N correlation spectra (recorded using the pulse sequence de- Table 1 3 Distance measurements in cytosine monohydrate (Fig. G) distance measurements. The patterns were generated by applying dipolar recoupling for different durations (denoted by R 1 and R 2 ).
Note that the long distance H1· · ·N1 (or D1· · ·N1) cannot be determined from RE-REDOR experiments that recouple the heteronuclear dipolar interaction to a state of 1 H (or 2 H) polarization (such as the REREDOR-HH(N) or REREDOR-DD(N) pulse sequences depicted in Fig. A(b) and A(d) ), because the resulting sideband patterns would be dominated by the stronger H1-N2 (or D1-N2) couplings. To circumvent this problem, the recoupling procedure needs to be applied to a state of 15 N polarization, i.e. using the REREDOR-NN(H) scheme depicted in Fig. A(c) .
The experimental patterns (black) were evaluated by comparison with simulated data (green; C Q /2π = 160 kHz, as determined experimentally). In the Figures, the green (simulated) patterns are slightly shifted relative to the black (experimental) patterns. The centreband of the REREDOR patterns is, in general, excluded from the fit because it tends to accumulate additional signal from transverse relaxation processes. The simulations were performed using the SIMPSON program package.
(5) The REREDOR sideband patterns are largely dominated by the heteronuclear dipole-dipole couplings experienced by the 2 H (or 15 N) spin under consideration. When multiple 2 H-X i couplings to different spins X i are present, they need to be taken into account as long as the strongest coupling does not exceed the weaker ones by more than a factor of ∼ 10. In terms of 2 H-X distances, this means that all spins X can be ignored which have a distance of more than twice the shortest 2 H-X distance. The same applies to the 15 N-1 H case accordingly. To a much lesser degree, the REREDOR patterns depend also on homonuclear dipoledipole couplings. This can be seen from the 2 H-1 H pattern obtained for the longer recoupling time in Fig. F unwanted homonuclear dipolar recoupling due to the finite length of the π-pulses in the pulse train applied to the 1 H channel [6]. This "accidental", and in our case unwanted, homonuclear dipolar recoupling is used in the so-called radio-frequency driven recoupling (RFDR) approach [7] . Finite pulse lengths are also responsible for a minor dependence of the REREDOR sideband patterns on the 2 H quadrupole coupling. Although only a minimum of pulses is applied on the 2 H channel, the pulse length (∼ 2.5 µs) still allows for some quadrupolar evolution to "sneak" into the pulse sequence and to slightly distort the resulting sideband patterns. This perturbing effect can be minimized by increasing the 2 H RF pulse power. Using 2.5 µs π/2 pulses on 2 H, the effect is small enough that a very rough estimate of the 2 H coupling constants is sufficient for evaluating the sideband patterns. In our simulations, the experimentally determined 2 H quadrupole couplings were used as well as estimates which differed by up to 25% from the correct value. Within this tolerance range, the quadrupole couplings had no influence on the dipolar coupling constants extracted from the patterns.
The distance values obtained for the different recoupling times are consistent and demonstrate that the experimental accuracy of the REREDOR method is better than ± 1 pm for the short N2-D1 distance of 107.5 pm (Fig. E) and better than ± 3 pm for the H4-D1 distance of 234 pm (Fig. F) . It should be noted that these distances are calculated from dipole-dipole couplings which are slightly reduced by molecular motions, in particular by zero-point vibrations. Therefore, they are expected to be longer (by Fig. 4 of the paper) recorded on deuterated cytosine monohydrate using the pulse sequence depicted in Fig. A(d) . Coloured lines represent simulations using the 2 H-1 H distances given in the figure: Green line = best fit, red/blue line = upper/lower limit of the error margin. The dotted circles highlight the regions of the patterns where differences between simulated and experimental data become apparent. about 3. . . 4 pm for the N2-D1 distance) than the distances taken from computationally optimized structures or neutron scattering data [8, 9] .
Distance error margins
In order to arrive at estimates of the accuracy of the distance determinations, the experimental sideband patterns were compared with data that was simulated for a range of Fig. 4 of the paper) recorded on deuterated cytosine monohydrate using the pulse sequence depicted in Fig. A(d) . Coloured lines represent simulations using the 15 N-2 H distances given in the figure: Green line = best fit, red/blue line = upper/lower limit of the error margin. The dotted circles highlight the regions of the patterns where differences between simulated and experimental data become apparent.
distances. The accuracy limits of the measured distances were then derived from cases where the simulated patterns start to deviate notably from the experimental ones, but the deviations remain just within the noise level of the experimental data. For illustration purposes, Figs. H, J and K show the three internuclear distances given in Fig. 4 of the paper, with the corresponding calculated patterns in green. Increasing and decreasing the distances in the simulations yields the patterns shown in red and blue, respectively. From an inspection of the outer sidebands, it can be seen that the calculated sidebands become too intense (or too weak) when the distance is too short (or too long, respectively). The deviations apparent in the Figures, however, may still arise from the noise of the experimental data, so that the corresponding distances were taken as the upper and lower error limits of the distance measurements. Fig. 4 of the paper) recorded on deuterated cytosine monohydrate using the pulse sequence depicted in Fig. A(c) . Coloured lines represent simulations using the 15 N-1 H distances given in the figure: Green line = best fit, red/blue line = upper/lower limit of the error margin. The dotted circles highlight the regions of the patterns where differences between simulated and experimental data become apparent.
